Appl. No. 09/982,413 

Docket No. 2102397-992010 

Response to Office Action of July 31, 2003 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims: 

1 . (Currently Amended) An electrically programmable and erasable memory device 
comprising: 

a substrate of semiconductor material of a first conductivity type; 
a trench formed into a surface of the substrate; 

first and second spaced-apart regions formed in the substrate and having a second 
conductivity type, with a channel region therebetween, wherein the second region is formed 
underneath the trench, and the channel region includes a first portion that extends substantially 
along a sidewall of the trench and a second portion that extends substantially along the surface of 
the substrate; 

an electrically conductive floating gate disposed over and insulated from at least a portion 

of the channel region and a portion of the first region; [and] 

an electrically conductive control gate having a first portion disposed in the trench ; and 
insulation material disposed between the floating gate and the control gate and having a 

thickness permitting Fowler-Nordheim tunneling of charges therethrough . 

2. (Original) The device of claim 1, wherein the control gate has a second portion 
disposed over and insulated from the floating gate. 

3. (Original) The device of claim 2, wherein the control gate forms a notch at a 
connection between the control gate first portion and the control gate second portion. 
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4. (Original) The device of claim 3, wherein the floating gate includes a sharp edge 
that extends toward the notch. 

5. (Currently Amended) The device of claim 1 , wherein the channel region second 
portion extends from the channel region first portion to the first region, and wherein the floating 
gate is disposed over the entire second portion of the channel region. 

6. (Currently Amended) The device of claim [1] 2, wherein the floating gate [is 
insulated from the control gate by an insulation layer having a thickness permitting Fowler- 
Nordheim tunneling of charges therethrough] has a first end disposed over and insulated from the 
first region, and a second end disposed over and insulated from the channel region, and wherein 
the floating gate second end includes a sloping upper surface that terminates in a sharp edge that 
extends toward the control gate . 

7. (Currently Amended) The device of claim 2, further comprising: 

the [a layer of] insulating material is formed along sidewalls of the trench and extends 
[extending] between the control gate and the floating gate. 

8. (Currently Amended) The device of claim 7, wherein the [layer of] insulating 
material is a layer of the insulating material that includes: 

a first portion formed along sidewalls of the trench and between the control gate and the 
channel region first portion; and 

a second portion formed under the control gate and over the floating gate. 

9. (Original) The device of claim I, wherein channel region first portion extends in 
a direction directly toward the floating gate. 
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10. (Original) The device of claim 1, wherein the trench has a side wall with an 
indentation formed therein, and wherein the control gate first portion includes a protruding 
portion corresponding to the indentation that extends over and is insulated from a portion of the 
floating gate. 

11. (Original) The device of claim 1, wherein: 

the trench has a side wall with an indentation formed therein, 

the control gate first portion includes a protruding portion corresponding to the 

indentation that extends over and is insulated from a first part of the channel region second 

portion, and 

the floating gate is disposed over and insulated from a second part of the channel region 
second portion. 

12. (Currently Amended) An array of electrically programmable and erasable 
memory devices comprising: 

a substrate of semiconductor material of a first conductivity type; 

spaced apart isolation regions formed on the substrate which are substantially parallel to 
one another and extend in a first direction, with an active region between each pair of adjacent 
isolation regions; 

a plurality of trenches formed into a surface of the substrate which are substantially 
parallel to one another and extend across the isolation and active regions in a second direction 
that is substantially perpendicular to the first direction; 

each of the active regions including a plurality of memory cells extending in the first 
direction, each of the memory cells comprising: 

first and second spaced-apart regions formed in the substrate having a second 

conductivity type, with a channel region formed in the substrate therebetween, wherein 

the second region is formed underneath one of the trenches, and wherein the channel 
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region has a first portion extending substantially along a sidewall of the one trench and a 
second portion extending substantially along the surface of the substrate, and 

an electrically conductive floating gate disposed over and insulated from at least a 
portion of the channel region and a portion of the first region; and 
a plurality of electrically conductive control gates each extending along one of the active 

regions, wherein the control gates each have first portions disposed in the trenches; 

wherein for each of the memory cells, insulation material is disposed between the floating 

gate and the control gate that has a thickness permitting Fowler-Nordheim tunneling of charges 

therethrough. 

13. (Original) The array of claim 12, wherein the control gates each have second 
portions disposed over and insulated from the floating gates 

14. (Original) The array of claim 13, wherein the control gates form notches at points 
where the control gate first and the second portions meet. 

1 5. (Original) The array of claim 14, wherein the floating gates include sharp edges 
that extend toward the notches. 

16. (Original) The array of claim 12, further comprising: 

a layer of isolation material extending along each of the isolation regions and filling 
portions of the trenches that are in the isolation regions. 

17. (Original) The array of claim 16, wherein the isolation material layer in each of 
the isolation regions is disposed between a pair of the control gates in adjacent active regions. 
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18. (Currently Amended) The array of claim 12, wherein for each of the memory 
cells, the channel region second portion extends from the channel region first portion to the first 
region, and wherein the floating gate is disposed over the entire second portion of the channel 
region. 

19. (Currently Amended) The array of claim [12] 13, wherein for each of the 
memory cells, the floating gate [is insulated from the control gate by an insulation layer having a 
thickness permitting Fowler-Nordheim tunneling of charges therethrough] has a first end 
disposed over and insulated from the first region, and a second end disposed over and insulated 
from the channel region, and wherein the floating gate second end includes a sloping upper 
surface that terminates in a sharp edge that extends toward the control gate . 

20. (Currently Amended) The array of claim 13, wherein for each of the memory 
cells,, [further comprises a layer of] the insulating material is formed along sidewalls of the 
trench and [extending] extends between the control gate and the floating gate. 

2 1 . (Currently Amended) The array of claim 20, wherein the [layer of] insulating 
material for each memory cell is a layer of the insulating material that includes: 

a first portion formed along sidewalls of the trench and between the control gate and the 
channel region first portion; and 

a second portion formed under the control gate and over the floating gate. 

22. (Original) The array of claim 12, further comprising a plurality of conductive 
contacts each electrically connected to one of the first regions. 

23. (Original) The array of claim 12, further comprising a plurality of conductive 
contacts each electrically connected to one of the second regions. 
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24. (Original) The array of claim 12, wherein each of the channel region first 
portions extend in a direction directly toward one of the floating gates. 

25. (Original) The array of claim 12, wherein the memory cells are formed as pairs of 
memory cells, and wherein each of the memory cell pairs share a single second region 
therebetween. 

26. (Original) The array of claim 12, wherein for each of the memory cells, the 
trench has a side wall with an indentation formed therein, and the control gate first portion 
includes a protruding portion corresponding to the indentation that extends over and is insulated 
from a portion of the floating gate. 

27. (Original) The array of claim 12 wherein for each of the memory cells: 
the trench has a side wall with an indentation formed therein, 

the control gate first portion includes a protruding portion corresponding to the 
indentation that extends over and is insulated from a first part of the channel region second 
portion, and 

the floating gate is disposed over and insulated from a second part of the channel region 
second portion. 

28. (Original) The array of claim 12 wherein the second regions are integrally 
formed together in one of a plurality of conductive lines buried in the substrate, and wherein 
each of the conductive lines extends in the second direction and includes a raised portion that 
extends up to the substrate surface. 

Claims 29-54: Previously Cancelled. 
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55. (Currently Amended) An electrically programmable and erasable memory device 
comprising: 

a substrate of semiconductor material of a first conductivity type; 

[a floating gate disposed over and insulated from a surface of the substrate; and] 

a trench formed into a surface of the substrate; 

first and second spaced-apart regions formed in the substrate and having a second 
conductivity type, with a non-linear channel region therebetween, wherein the second region is 
formed underneath the trench, and wherein the channel region includes a first portion extending 
generally along a sidewall of the trench and a second portion extending generally along the 
surface of the substrate [defines a path for programming the floating gate with electrons from the 
second region]; 

an electrically conductive control gate having a first portion disposed in the trench; 

a floating gate disposed over and insulated from the substrate surface, wherein the 
floating gate has a first end disposed over and insulated from the first region, and a second end 
disposed over and insulated from the channel region, and wherein the floating gate second end 
includes a sloping upper surface that terminates in a sharp edge that extends toward the control 
gate; and 

insulation material disposed between the floating gate and the control gate and having a 
thickness permitting Fowler-Nordheim tunneling of charges therethrough. 

56. (Original) The device of claim 55, wherein at least a portion of the non-linearity 
of the channel region is defined within a plane that is substantially perpendicular to the substrate 
surface. 
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, 57. (Currently Amended) The device of claim [56] 55, wherein the channel region 
[has a] first portion [that] extends in a direction from the second region directly toward the 
floating gate. 

58. (Original) The device of claim 57, wherein the direction is substantially 
perpendicular to the substrate surface. 

59. (Currently Amended) The device of claim 57, wherein the channel region [has a] 
second portion [that] extends in a direction from the channel region first portion to the first 
region. 

60. (Currently Amended) The device of claim [56] 55, wherein: 

the channel region [has a] first portion [that] extends in a direction from the second 
region toward the surface of the substrate; 

the channel region [has a] second portion [that] extends in a direction from the channel 
region first portion to the first region; and 

the floating gate is disposed over and insulated from only a portion of the channel region 
second portion. 

6 1 . (Currently Amended) An electrically programmable and erasable memory device 
comprising: 

a substrate of semiconductor material of a first conductivity type; 

an electrically conductive control gate having a first portion formed in the substrate; 

first and second spaced-apart regions formed in the substrate and having a second 
conductivity type, with a non-linear channel region therebetween, wherein the second region is 
formed underneath and is insulated from the control gate first portion, and the channel region 
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includes a first portion that extends substantially along the control gate first portion and a second 
portion that extends substantially along a surface of the substrate; [and] 

an electrically conductive floating gate disposed over and insulated from at least a portion 
of the channel region and a portion of the first region ; and 

insulation material disposed between the floating gate and the control gate and having a 
thickness permitting Fowler-Nordheim tunneling of charges therethrough . 

62. (Original) The device of claim 61, wherein the control gate has a second portion 
disposed over and insulated from the floating gate. 

63 . (Currently Amended) The device of claim 6 1 , wherein the channel region second 
portion extends from the channel region first portion to the first region, and wherein the floating 
gate is disposed over the entire second portion of the channel region. 

64. (Original) The device of claim 63, wherein channel region first portion extends in 
a direction directly toward the floating gate. 

65. (Original) The device of claim 61, wherein the floating gate is disposed over only 
a portion of the channel region second portion. 

Claims 66-68: Previously Cancelled. 

69. (Currently Amended) An array of electrically programmable and erasable 
memory devices comprising: 

a substrate of semiconductor material of a first conductivity type and having a surface; 
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spaced apart isolation regions formed on the substrate which are substantially parallel to 
one another and extend in a first direction, with an active region between each pair of adjacent 
isolation regions; 

each of the active regions including a plurality of memory cells, wherein each of the 
memory cells, includes an electrically conductive floating gate disposed over and insulated from 
the substrate surface; 

a plurality of first regions formed in the substrate and having a second conductivity type, 
each of the first regions extends across the active regions in a second direction perpendicular to 
the first direction and is disposed at least partially underneath one of the floating gates in each of 
the active regions; 

a plurality of second regions formed in the substrate and having the second conductivity 
type, each of the second regions extends across the active regions in the second direction and is 
disposed between a pair of the first regions, wherein the second regions are buried underneath 
the substrate surface; and 

a plurality of electrically conductive control gates each extending along one of the active 
regions in the first direction , wherein the control gates are insulated from the floating gates by 
insulation material having a thickness permitting Fowler-Nordheim tunneling of charges 
therethrough . 

70. (Original) The array of claim 69, wherein each of the control gates includes a 
plurality of first portions that are each disposed in the substrate and over one of the second 
regions. 

71. (Original) The array of claim 70, wherein for each of the active regions, the 
control gate therein has a second portion that is disposed over and insulated from the floating 
gates. 
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72. (Original) The array of claim 69, further comprising: 

a plurality of channel regions in the substrate each extending between one of the first 
regions and one of the second regions. 

73. (Original) The array of claim 72, wherein each of the channel regions has a first 
portion extending from one of the second regions toward the substrate surface, and a second 
portion extending substantially along the substrate surface. 

74. (Original) The array of claim 69 wherein the second regions are integrally 
formed together in one of a plurality of conductive lines buried in the substrate, and wherein 
each of the conductive lines extends in the second direction and includes a raised portion that 
extends up to the substrate surface. 
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